What is claimed is: 



1 An MTCMOS flip-flop circuit, comprising: 

' a master latch unit to latch input data and output the data under the control of an 
internal clock; 

a slave latch unit for latching input data and outputting the data under the control of 

an internal clock signal; 

wherein an output of the flip-flop circuit retains a state just before admisston to a 
sleep mode when the state of the system is converted from sleep mode to an aetive mode by 
means of making a data state of an input termina. of the master lateh eireui. into the same 
state as an inversed data state of an input terminal of the slave lateh eireui. in sleep mode and 
storing the data state of the input terminal of the master lateh cireuit. 

2 The MTCMOS flip-flop eireuit according to claim 1 , wherein the MTCMOS 
flip-flop cireuit comprises a switching transistor connected between a virtual ground and a 
ground, which is turned on by a sleep mode control signal in sleep mode and named off by 
the sleep mode control signal in active mode. 

3 The MTCMOS flip-flop circuit according to claim 1, wherein the MTCMOS 
flip-flop circuit comprises a data retention feedback circuit for inverting data from the input 
terminal of the slave latch circuit under the control of an inverted sleep mode control signal, 
and outputting the data to the input terminal of the master latch circuit, thereby retaimng a 
state just before the admission to sleep mode of an output of the flip-flop circuit when the 
state of the system is converted from sleep mode to active mode. 



4. The 



MTCMOS flip-flop circuit according to claim 3, wherein the data 



retention feedback circuit comprises: 

a first inverter for inverting the inverted sleep mode control signal; 

a first PMOS transistor having a source terminal connected to a power supply voltage, 
and a gate terminal to which an output signal of the first inverter is applied; 

a second PMOS transistor having a source terminal connected to a drain terminal of 
the first PMOS transistor, a gate terminal connected to the input terminal of the slave latch 

12 Docket No. 8750-047 

Patent Application ~ Client No. SPX200209-0005US 



circuit for receiving a feedback input signal, and a drain terminal connected to the tnput 
terminal of the master latch circuit for outputting a feedback output stgnal; 

a first NMOS transistor having a drain terminal connected to a drain temunal of the 
second PMOS transistor, and a gate terminal connected to a gate terminal of the second 

5 PMOS transistor; and 

a second NMOS transistor having a drain terminal connected to the source terminal of 
the first NMOS transistor, and a source terminal connected to a ground of the gate termmal to 
which the inverted sleep mode control signal is applied. 

10 5 The MTCMOS flip-flop circuit according to claim 1, wherein the master latch 

unit is consisted of a high-Vth transistor, and the slave latch unit is consisted of a low-Vth 
transistor. 

6 The MTCMOS flip-flop circuit according to claim 1, wherein the internal 
15 clock signal does not oscillate depending upon the external clock signal in sleep mode, and 

oscillates in response to the external clock signal in active mode. 

7 The MTCMOS flip-flop circuit according to claim 1, wherein the MTCMOS 
flip-flop circuit is provided with a sleep mode control circuit for retaining the clock signal in 

20 low state regardless of an external clock signal in sleep mode, and outputting an mverted 
signal of the external clock signal as the internal clock signal in active mode. 

8. The MTCMOS flip-flop circuit according to claim 7, wherein the sleep mode 

control circuit comprises: 

a first PMOS transistor having a source terminal connected to a power supply voltage, 

and a gate terminal for receiving an inverted sleep mode control signal; 

a second PMOS transistor having a source terminal connected to the drain termmal of 
the first PMOS transistor, a gate terminal for receiving an external clock signal, and a dram 

terminal connected to a first node; 

a first NMOS transistor having a drain terminal connected to the first node, a gate 
terminal for receiving the external clock signal, and a source terminal connected to a ground; 
and 
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10 



a second NMOS transit having a drain tennina, connected to the firs, no e, a ga e 
^ZL**.~*+*-+-"~ andasource — connected 
to a ground, wherein the first node generates the interna, clock stgnal. 

o The MTCMOS flip-flop circuit according to claim 8, wherein the firs, PMOS 
The MIC P ^ ^ ^ 

transistor is a high-Vth transistor, and the secona ri 

and the second NMOS transistor are low-Vth transistor. 

,0 An MTCMOS flip-flop circuit comprising: 
steep mode control signal and generating an internal clock stgnal; 

gate and outputting me signal to a second node; ^ 
s slave latch gate for receiving a signal of the secona noae a. 

20 and outputting fire signal to a fourth node; and 

a data retention feedback circuit for receiving a feedback tnpu. stgn 
no de under control of me inverted sleep mode control signa, and —ng the feedback 
output signal to the first node. 

„ TheMTCMOSflip-flopcircuitaccording«oclaimlO,wherei„meMTCMOS 

mmed off by the sleep mode control signal in active mode. 

n The MTCMOS flip-flop circuit according to claim 10, wherein the MTCMOS 
lelhcircuit.andbuffefingthe^al.andgenemtingaflip-flopoutputstgnal. 
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13. 



The MTCMOS flip-flop circuit according to claim 10, wherein the data 



retention feedback circuit comprises: 

a firs, inverter for receiving the inverted sleep mode control signal and mvertmg the 

S,8,,al; a first PMOS transistor having a souree terminal eonneeted to a power supply voltage, 
and a gate terminal whieh an output signal of the first inverter is applied; 

a second PMOS transistor having a source terminal connected to a drain temunal of 
.he first PMOS transistor, a gate terminal, connected to the input terminal of the slave latch 
circuit, for receiving a feedback input signal, and a drain terminal, connected to the mput 
terminal of the master latch circuit, for outputung a feedback output s.gnal; 

a first NMOS translator having a drain terminal connected to the dram termmal of the 
second PMOS transistor, and a gate terminal connected to the gate terminal of the second 

PMOS transistor; and . 

a second NMOS transistor having a drain terminal connected to the source termmal of 
the first NMOS transistor, and a source terminal connected to a ground of the gate terminal 
which the inverted sleep mode control signal is applied. 

14. The MTCMOS flip-flop circuit according to claim 10 , wherein the sleep 
mode control circuit comprises: 

a first PMOS transistor having a souree termina. connected to a power supply voltage, 
and a gate terminal for receiving an inverted sleep mode control signal; 

a second PMOS transistor having a souree terminal connected to the drain temunal of 
fire firs. PMOS transistor, a gate terminal for receiving the external clock signal, and a dram 
terminal connected to a fifth node; 

a firs. NMOS transistor having a drain terminal connected to the fifth node, a gate 
terminal for receiving the externa, clock signal, and a source terminal connected to a ground; 



and 



a second NMOS transistor having a drain terminal connected to the fifth node, a gate 
terminal for receiving the inverted sleep mode control signal, and a source terminal connected 
to a ground, wherein the fifth node generates the internal clock signal. 

15 The MTCMOS flip-flop circuit according to claim 11, wherein the master 
latch gate is a first transmitting gate consisted of a high-Vth transistor, and the master latch 
gate becomes "on" when the internal clock signal is in high state. 
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16. The MTCMOS flip-flop circuit according to claim 11, wherein the master 

latch circuit comprises: 

a second inverter for inverting a signal of the first node, and outputting the signal to 



the second node; 

a third inverter for inverting a signal of the second node; and 

a 



second transmitting gate for receiving an output signal of the third inverter and 
transmitting the signal to the first node under the control of the internal clock signal and the 
inverted internal clock signal. 

17. The MTCMOS flip-flop circuit according to claim 16, wherein the second 
transmitting gate becomes "on" when the internal clock signal is in low state. 

18. The MTCMOS flip-flop circuit according to claim 16, wherein the second 
transmitting gate, the second inverter and the third inverter are consisted of a high-Vth 
transistor. 

19 The MTCMOS flip-flop circuit according to claim tO, wherein the slave fatch gate 
is a third transmitting gate consisted of a low-V.h fransistor, and the slave latch gate becomes 
"on" when the internal clock signal is in high state. 



20. The 



MTCMOS flip-flop circuit according to claim 10, wherein the slave latch 



circuit comprises: 

a fourth inverter for inverting a signal of the third node, and outputting the signal to 

the fourth node; 

a fifth inverter for inverting a signal of the fourth node; and 

a fourth transmitting gate for receiving an output signal of the fifth inverter and 

transmitting the signal to the third node under the control of the internal clock signal and the 

inverted internal clock signal. 

21. The MTCMOS flip-flop circuit according to claim 20, wherein the fourth 
transmitting gate becomes "on" when the internal clock signal is in high state. 
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22 The MTCMOS flip-flop circuit according to claim 20, wherein the second 
transmitting gate is consisted of a high-Vth transistor, and the fourth inverter and the fifth 
inverter are consisted of a low-Vth transistor. 
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